Abstract: This review summarizes the epidemiological trend, risk factors, prevention strategies such as vaccination, staging, current novel therapeutics, including the drugs under clinical trials, and future therapeutic trends for hepatocellular carcinoma (HCC). As HCC is the third most common cause of cancer-related death worldwide, its overall incidence remains alarmingly high in the developing world and is steadily rising across most of the developed and developing world. Over the past 15 years, the incidence of HCC has more than doubled and it increases with advancing age. Chronic infection with hepatitis B virus is the leading cause of HCC, closely followed by infection with hepatitis C virus. Other factors contributing to the development of HCC include alcohol abuse, tobacco smoking, and metabolic syndrome (including obesity, diabetes, and fatty liver disease). Treatment options have improved in the past few years, particularly with the approval of several molecular-targeted therapies. The researchers are actively pursuing novel therapeutic targets as well as predictive biomarker for treatment of HCC. Advances are being made in understanding the mechanisms underlying HCC, which in turn could lead to novel therapeutics. Nevertheless, there are many emerging agents still under clinical trials and yet to show promising results. Hence, future therapeutic options may include different combination of novel therapeutic interventions.
Introduction
Hepatocellular carcinoma (HCC) is defined as the carcinoma emanating from the liver and also includes various underlying diseases. 1, 2 Globally, the cancer prevalence was reported to be 10.9 million per annum, and liver cancer came up as the sixth most common cancer with 749,000 cases 1, 2 and was ranked the third highest cause of cancer-related death with 692,000 mortalities per year. 1 However, its geographical distribution is not uniform [1] [2] [3] as shown in Figure 1 . 4 The highest HCC incidence occurs in resource-poor or developing countries such as sub-Saharan African, East Asia, and Melanesia, which covers 85% of reported global cases. 2, 3, 5 Contrarily, incidence in developed countries is much lower, except in Southern Europe. 2, 3 To date, the mortality rate in the USA increased by 40% between the years of 1990 and 2004 as a result of hepatitis C virus (HCV) events.
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Risk factors
These variations of risk factors link to etiology, complexity, and geographical distribution, particularly between developing and developed regions (Table 1) . 1 
Risk of HCC according to HBv genotype
Individuals with chronic hepatitis B virus (HBV) infection are at increased risk of developing end-stage liver disease (including cirrhosis, hepatic failure, and HCC), with a cumulative lifetime incidence of 15%-40%. [11] [12] [13] Other important risk factors for HCC include the presence of HBV e-antigen -a surrogate marker of active viral replication -and the amount of HBV (ie, viral load) in serum. 14, 15 Several reports [16] [17] [18] [19] have also suggested that the genetic characteristics of HBV, including HBV genotype and specific genetic mutations, are associated with the development of HCC. Most of the recent studies suggest that the genetic characteristics of HBV, including HBV genotype and specific genetic mutations, are associated with the development of HCC. [20] [21] [22] Figure 1 Cancer mortality: age-standardized death rate per 100,000 population, both sexes, 2008. Note: Reprinted from world Health Organisation. wHO: cancer mortality and morbidity. Available from: http://www.who.int/gho/ncd/mortality_morbidity/cancer/en/. Accessed December 23, 2014. 
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To date, HBV has been classified in to eight genotypes (A-H), according to intergroup divergence of 8% or more in the complete nucleotide sequence. 23 Recent focus is on the clinically important differences in outcomes that are associated with the different HBV genotypes. 24 The HBV genotypes have distinct geographical distributions 25 and have been reported to have clinical relevance. 26 For example, patients with genotypes C and D have a higher risk of disease progression and a poorer clinical outcome compared to the patients with genotypes A and B. Patients with genotypes A and B have a better response to IFN-based therapy than those with genotypes C and D. 27 However, the association of genotypes B and C with HCC development remains controversial; some studies have shown that genotype C HBV infection is a risk factor for HCC, 28, 29 while others did not obtain the same results. 30, 31 The reason for these inconsistencies between the results, especially those derived from the same region, 28, 32 is unclear.
Staging
Introduction of various staging systems by different guidelines helps select the suitable interventions according to HCC classifications 1, 3, 5, 6, 33 (Tables 2 and 3) .
Management Treatment Resection
Resection is the first-line therapy for localized HCC without cirrhosis. 3, 5, 6, [34] [35] [36] [37] Resection is not recommended in cirrhotic patients due to increased risk of perioperative decompensation. 6, 37, 38 Nevertheless, resection is possible in cirrhotic patients whose liver transplantation (LT) is deemed to be unsuitable, provided that their hepatic function is well preserved. 1, 34 Portal vein hypertension is regarded as an absolute contraindication to resection in EASL-EORTC Clinical Practice Guidelines. 3, 35 Studies demonstrated that the 5-year survival rate is only 30% regardless of the Child-Pugh score in the presence of portal vein hypertension and elevated bilirubin level, compared to 70% 5-year survival in patients with normal bilirubin level without portal vein hypertension. 34, 37 However, in other studies, it was also demonstrated that the presence of significant portal vein hypertension does not influence the outcomes of resection, even in cirrhotic patients. 38, 39 Larger tumor is associated with higher risk of vascular invasion and dissemination. 34 A cutoff of 2 cm was demonstrated as an independent predictor of survival rates in Japan, and the outcomes of each groups were 66% 5-year survival in 2 cm tumor group, 52% in 2-5 cm tumor group, and 37% in 5 cm tumor group after resection procedure. 3 Recurrence rate occurs up to 70% after 5 years is the main problem with resection. 1, 34, 37 However, the evidence to demonstrate the effectiveness of initiating adjunct therapy after resection in preventing recurrence is not conclusive.
5,34
Liver transplantation LT is the best curative therapy for candidates unsuitable to undergo liver resection as well as for patients with underlying Generally, LT can only be performed in patients in early stage of HCC. 34, 38 Milan criteria defined patients with single nodule 5 cm, or up to three separate nodules 3 cm, with no evidence of gross vascular invasion and no regional nodal or distant metastases. 5, 40, 41 Using Milan criteria of patient selection, posttransplantation outcome with 5-year survival rates exceeds 70% (as shown in several studies). 34, 35 Nevertheless, shortage of donor livers has caused an unbearably long transplant waiting time, 34, 35 resulting in waiting list exclusion when patients' HCC progression extends beyond the transplantable criteria. 42 The rate of waiting list exclusion may be as high as 25% if the waiting list is longer than 12 months. 34, 35 Model for End-stage Liver Disease score was therefore utilized to allocate the organ fairly according to priority. 34, 35, 41 Neoadjuvant therapy, such as chemoembolization and percutaneous ablation, can be employed to maintain the tumor burden within the ranges of the Milan criteria and prevent dropout from the waiting list, especially if transplant waiting time exceeds 6 months and patient's condition worsens. 6, 34, 35 However, the long-term benefit of the therapy is still uncertain as there are several studies showing no survival benefit in employing these interventions.
37,41
Percutaneous ablation
Percutaneous ablation is the best treatment option for patients with early-stage HCC (BCLC 0-A tumors) who are not suitable for resection or LT. 34, 35 The most common techniques are percutaneous ethanol injection (PEI) and radiofrequency ablation (RFA). 36 Currently, RFA has progressively replaced PEI 35, 37, 38 because RFA requires lesser treatment sessions and results in higher complete necrosis rate and long-term survival rates than PEI, as demonstrated in many studies. [43] [44] [45] [46] When comparing therapeutic outcomes of RFA with surgical resection, resection is more effective than RFA for larger tumors (3, 5 cm) in terms of disease-free survival and overall survival, while RFA is more cost-effective than surgical resection for smaller early HCCs (2 cm).
47,48
Chemoembolization
Chemoembolization is used as a palliative treatment for patients with inoperable HCC. 49 It is the recommended first-line therapy for patients with intermediate-stage (BCLC stage B) disease having well-preserved liver function and asymptomatic multinodular tumors without vascular invasion or extrahepatic spread (Table 4) . 3 Another technique called radioembolization, involving infusion of Iodine-131 or Yttrium-90 into hepatic artery, has been shown to exhibit antitumor results, but it is not recommended as a standard therapy as further research trials are needed to evaluate the efficacy. 3 
Systemic therapies
Perspectives on drug therapies HCC is among the most chemoresistant tumors, and until 2007, no systemic chemotherapy was recommended for patients with advanced tumors (Tables 5 and 6) . [51] [52] [53] Systemic chemotherapy with cytotoxic agents, such as doxorubicin, gemcitabine, cisplatin, 5-fluorouracil, or combined regimens for palliative care, was associated with low response rates (10%) with only marginal improvements in survival. Moreover, these drugs are poorly tolerated in patients with underlying liver cirrhosis. Interferon (IFN) therapy, antiandrogens, or tamoxifen used in the treatment of advanced HCC show contradictory results without obvious benefit. 
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Prevention
Understanding risk factors of HCC supports the rationale for designing of prevention strategies, which aids in avoiding infection, chronic liver damage, and carcinogenesis process as well as early diagnosis of the disease and reduces the risk of recurrence. 54, 55 vaccination HBV is attributable to more than 50% of the cases of HCC globally, it accounts for 15% of HCC in developed countries and 80%-90% of HCC in developing countries such as Asia and Africa. 54, 55 World Health Organization (WHO) introduced universal vaccination to all newborns and highrisk groups as routine immunization. 54, 56 Most of the studies showed that hepatitis B core antibody, hepatitis B surface antigen (HBsAg) carriers, HCC incidence, and HCC-related mortality were decreased following initiation of universal vaccination (Table 6) . [57] [58] [59] [60] [61] Therapies stratified according to stage along with the treatment strategies and rational of HCC were summarized (Table 7) .
62-65
Antiviral treatment
Studies have shown that antiviral treatment of chronic HBV and HCV infections may reduce the risk of HCC.
3,37, 66 Chen et al 14 demonstrated that incidence of HCC is associated with serum HBV DNA, which further supports the analysis showing that low viremia levels decreases the risk of HCC development. Therefore, antiviral therapy is used for HCC Note: Data from studies.
62-65
Abbreviations: HCC, hepatocellular carcinoma; LT, liver transplantation. Oral nucleoside analogs (NAs) have been used to treat chronic hepatitis B. 67 The use of first-generation NA is limited due to the development of resistance and virological relapse after treatment cessation. 61 Newer generation NA with high antiviral and low drug-resistant potency, such as entecavir and tenofovir, are available. 66, 68 At the same time, combination therapy of pegylated IFN with ribavirin works well in preventing HCC development associated with HCV infection.
68,69
Surveillance
Surveillance is a diagnostic test applied periodically to patients at risk of developing a disease, aiming to reduce diseaserelated mortality through early diagnosis (Table 8) . 3, 35 Serological and imaging tests are used in HCC surveillance, ultrasonography is the most widely used. 3 Surveillance is mainly based on ultrasound examination as measuring alpha-fetoprotein levels, which is an example of serological test, has demonstrated inadequate sensitivity and specificity in recent studies. 35 Other preventive measures WHO recommends implementation of an integrated and comprehensive strategy based on five key elements as listed in Table 8 , aiming at preventing transfusion-transmitted HBV and HCV infection, especially in sub-Saharan African countries where there is relatively high risk of such mode of transmission. On the other hand, risky behaviors such as tattooing, body piercing, and unprotected sexual intercourse should be avoided to prevent transmission of HCV and HBV, along with implementation of related health policies by governmental health agencies (Table 9) . 3, 55, 70 
Discussion
Current novel therapeutics
Surgical intervention that includes liver resection and LT is the mainstay of treatment of HCC, but the selection criteria for both differ in different published clinical guidelines, resulting in difficulty in selecting the most appropriate therapy in treating HCC. [74] [75] [76] [77] [78] [79] Certain groups of patients who are defined to have well-preserved liver function and are deemed to be fit to undergo resection (Child-Pugh A score) may be regarded as not suitable for resection due to other circumstances such as the presence of portal vein hypertension.
Meanwhile, the gold standard in selecting patients for LT, Milan criteria, possesses some limitations that may exclude some of the potential patients. 18 University of California at San Francisco criteria have been proposed, in which selection is based on having a single tumor nodule up to 6.5 cm or three or fewer tumors, the largest of which is 4.5 cm with the sum of the tumor diameters 8 cm. 80 Its outcome is comparable to patients who are selected by using Milan criteria. 40 Nevertheless, more studies should be conducted to confirm the validity of this extended criteria. However, it is still preferable to establish a standardized universal classification system in evaluating the liver status in patients with HCC to ensure the most appropriate option is selected for the patients, for both resection and LT procedure.
To date, sorafenib is the first and only available systemic therapy approved by FDA for treatment of HCC. 3 Nevertheless, many emerging agents are still under clinical trials and yet to show promising results. 51, 81 Future therapeutic trends Living donor liver transplantation (LDLT) is proposed as it provides advantages to reduce the waiting time and increase the number of patients benefit from LT due to severe shortage of deceased donor livers. By comparing LDLT with deceased donor liver transplantation (DDLT), the waiting time is significantly shorter and dropout rate has reduced from 18% to 0%. 40 However, it is still uncertain whether Test for transfusion-transmissible infections, blood group, and compatibility using quality-assured procedures 4
Reduce unnecessary transfusion through appropriate use of blood 5 implement quality systems for the entire transfusion process, from donor recruitment to the follow-up of the recipients of transfusion Note: Data taken from studies.
71-73
Abbreviations: HBv, hepatitis B virus; HCv, hepatitis C virus; wHO, world Health Organization. 
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Development and novel therapeutics in hepatocellular carcinoma the outcome of LDLT is equivalent or more favorable to that of DDLT. 82 For tumors with size 2 cm and with the BCLC stage A, both PEI and RFA achieve complete responses in more than 90% of cases with good long-term outcome, which may substitute the roles of surgical intervention in early HCC in the future. In future, technical developments may achieve ablation areas of 5 cm or more in diameter, which will make percutaneous ablation an effective alternative to surgery even for tumors measuring 3 cm or more. 38 Future therapeutic options may include different combination of novel therapeutic interventions. Combination of TACE-DEB has lesser complications than TACE due to slow release of chemotherapeutic drug. 83 TACE-DEB was also better tolerated and significantly decreased liver toxicity and adverse events and showed improved antitumoral effect. 3, 84 There are also studies revealing the possibility of combination therapy of sorafenib with either TACE or radioembolization as both these combinations had demonstrated better therapeutic outcomes with improved overall survival and time to progression. 3, 39, 83, 84 More studies need to be conducted to examine this possibility as well as to solve the uncertainties regarding dose, frequency, and duration of sorafenib in combination therapy.
Universal vaccination is also one of the therapeutics interventions for HCC, especially in developing countries. A cost-effectiveness analysis by Hung and Chen 84 demonstrated that universal vaccination shows high cost-effectiveness in reducing long-term sequelae of acute hepatitis B infection, HCC death, and chronic illnesses, 56, 85 which is further supported by another cost-effectiveness analysis by Hong et al 85 in Vietnam. 80 However, an effective prophylaxis vaccine for HCV is not yet available. Thus, preventing HCC is completely dependent on antiviral therapy for patients, until an effective vaccine is developed. 68 Antiviral therapy with nucleotide analogs may be preferable than IFN treatment due to less adverse side effects and can be considered as a cost-effective adjuvant therapy for HCC after curative treatment. 80 However, the exact role of antiviral treatment in preventing HBV-related HCC has been difficult to establish, due to the slow biological evolution of HBV. 66 Future technical aspect or extended indications for liver resection for HCC Recent improvement in surgical techniques and perioperative care has increased the safety and expanded the indication of hepatic resection for HCC to include large tumors that require extended hepatectomy in cirrhotic patients. Selection of appropriate candidates for hepatectomy depends on careful assessment of the tumor status and liver function reserve. Evaluation of the general fitness of patients is also critical because comorbid illness is an important cause of postoperative mortality, even if the patients have good liver function reserve. With careful patient selection and surgical expertise, the current operative mortality of hepatectomy for HCC is approximately 5% or less in major centers. Improved long-term survival results after resection of HCC have also been reported recently, with an overall 5-year survival rate of approximately 50%. The improved perioperative and longterm survival results have strengthened the role of hepatectomy as the mainstay of treatment for HCC despite the availability of a number of other treatment options for localized HCC. 86 The main clinical advantage of laparoscopy for cirrhotic patients is probably the significantly lower rate of postoperative ascitic decompensation, which was reported in four comparative studies and three meta-analysis. This finding could be explained by the preservation of portosystemic venous collateral circulation around the liver and parietal abdominal wall, limited mobilization and manipulation of the liver, restricted fluid requirements, and decreased blood loss. Gaillard et al 87 advocated that the positive pressure of the pneumoperitoneum might exert a tamponade effect on bleeding from intra-abdominal varices, which are a low-pressure system, thus decreasing blood loss. Lower blood transfusion requirement is also an advantage of the laparoscopic approach in this very risky group of patients.
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